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 要  旨 
 情報理論の分野において，放送通信路の理論的モデルに対する通信の理論限界の解明に関する
多数の研究が行われてきた．有本や Blahut によって，離散無記憶単一通信路に対する通信路容
量を数値的に計算するアルゴリズムが得られているが、多端子通信路については通信路容量域を
計算するアルゴリズムは確立されておらず，情報理論における基本的未解決問題の１つとなって
いる． 
 
そこで本論文では 1 入力 2 出力劣化型放送通信路(DBC)に対し，その容量域を数値的に求める問
題を考察し，その容量域を逐次的に計算する新しいアルゴリズムを提案した。 
Arimoto-Blahut アルゴリズムを拡張して、DBC に適用させるアルゴリズムを用いると、最適値
を与える分布に収束する条件が厳しく、通信路容量域を求める事が非常に困難である。 
一方、本研究で提案するアルゴリズムは、目的関数にペナルティ項を導入し、そのペナルティ項
の値を非常に大きな値にすることで、最適値を与える分布に収束することが期待できる。 
実際に最適値を与える分布への収束の証明法については見当がついていないのだが、2 元対称
DBCの理論値との比較実験を行い、本研究の提案アルゴリズムの性能評価を行ったところ、理論
値と一致する事を確認する事ができた。 
このことから提案アルゴリズムの定める分布列は最適値を与える分布に収束するということを確
認でき、2元対称 DBCの通信路容量域を求める事ができた。 
 
DBCの通信路容量域に関する過去の研究で、実際に通信路容量域を描くということはできておら
ず、おそらく本研究が初めてだといえる。このことからも分かる通り、本研究は情報理論におけ
る未解決問題に大きな進展を与えると考えられる。 
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?????????????????????????????2?????????
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2.1 2?????
? 2.1: 2?????
???? 2??????????????????X;Y?????????????
????????? X 2 X,?????????? Y 2 Y??????X;Y?????
???? x; y???????W = fW(yjx)g(x;y)2XY??????????????(X;Y)?
????? pXY ??????????????????? pX?W?????
pXY = fpXY(x; y)g(x;y)2XY
= fpX(x)W(yjx)g(x;y)2XY (2.1)
????????????? X??????? Y????????? I(X; Y)??
I(X;Y) =
X
x;y
pXY(x; y) log
W(yjx)
pY(y)
(2.2)
5
? 2? 2????????????? 6
???????I(X; Y)??????????????????????I(X; Y) = I(pX;W)
????2????????????C(W)??????????????????
C(W) , max
pX
I(pX;W) (2.3)
C(W)????????????Arimoto[1]? Blahut[2]???????????Arimoto-
Blahut????????????????????????????????????
?????????????????????Arimoto-Blahut???????????
????
2.2 Arimoto-Blahut??????
????X?? 2??????? pX; qX ?????????C(W)????????
???????????
F(pX; qX) , I(qX;W) + D(qY jjpY)   D(qX jjpX) (2.4)
??? pY ; qY ???????? pX; qX?????????? X 2 X?????????
????? Y 2 Y??????????????
pY = fpY(y)gy2Y; pY(y) =
X
x2X
pX(x)W(yjx);
qY = fqY(y)gy2Y; qY(y) =
X
x2X
qX(x)W(yjx)
???????pY ; qY ????????? pX; qX????W????????????
?????????qY = qXW; pY = pXW???????? F(pX; qX)?
F(pX; qX) , I(qX;W) + D(qXW jjpXW)   D(qX jjpX)
?????????????????????????
?? 1 ???? qX???,F(pX; qX)? pX = qX???????
F(qX; qX) = I(qX;W) (2.5)
????
(??) ??????????????????
D(qY jjpY) = D(qXW jjpXW)  D(qX jjpX) (2.6)
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?????????????? B??????(2.6)????????
F(pX; qX) = I(qX;W) + D(qXW jjpXW)   D(qX jjpX)  I(qX;W) (2.7)
??? pX = qX???????? 
?????? pX??????????????????????
?? 2 ???? pX??? F(pX; qX)?
qX(x) =
1
K
exp
X
y
W(yjx) log W(yjx)
pY(y)

pX(x)
??????? logK??????? K???????????????????
K =
X
x
exp
X
y
W(yjx) log W(yjx)
pY(y)

pX(x) (2.8)
(??) F(pX; qX)??????????
F(pX; qX) =
X
x;y
qX(x)W(yjx) log W(yjx)pY(y)  
X
x
qX(x) log
qX(x)
pX(x)
=  
X
x
qX(x) log
qX(x)
exp
P
y W(yjx) log W(yjx)pY (y)

pX(x)
(2.9)
? (2.9)??????????????????? 1K ???????????
F(pX; qX) =  
X
x
qX(x) log
qX(x)
1
K exp
P
y W(yjx) log W(yjx)pY (y)

pX(x)
+ logK
 logK (2.10)
??? (2.10)????????
qX(x) =
1
K
exp
X
x;y
pX(x)W(yjx) log W(yjx)pY(y)

pX(x)
???????? 
???? 1,2???? C(W)????????????????t = 0; 1; 2; ::::???
U X Y Z??????
q[t]X = fq[t]X (x)gx2X (2.11)
?????????
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??????????
1. q[0]X ?X???????????
2. t = 0; 1; 2:::?????????????????
q[t+1]X (x) =
1
Kt
exp
X
y
W(yjx) log W(yjx)
q[t]Y (y)

q[t]X (x); x 2 X (2.12)
??? Kt???????????????????
Kt =
X
x
exp
X
y
W(yjx) log W(yjx)
q[t]Y (y)

q[t]X (x) (2.13)
????????????????????????????
?? 1 t = 0; 1; 2; :::???????????????
F(q[0]X ; q
[0]
X )
(a) F(q[0]X ; q[1]X )
(b) F(q[1]X ; q[1]X )  :::::
(a) F(q[t 1]X ; q[t]X )
(b) F(q[t]X ; q[t]X ) (2.14)
(a) F(q[t]X ; q[t+1]X ) (2.15)
(b) F(q[t+1]X ; q[t+1]X )  ::::::
 C(W)
?????? (2:14)??? (2:15)?????????????????????????
F(q[t]X ; q
[t]
X ) =
X
x;y
q[t]X (x)W(yjx) log
W(yjx)
q[t]Y (y)
(2.16)
F(q[t]X ; q
[t+1]
X ) =
X
x;y
q[t+1]X (x)W(yjx)

log
W(yjx)
q[t]Y (y)
+ log
q[t]X (x)
q[t+1]X (x)

(2.17)
(??) ?? 1???????????? (a)? (2:17)???? 1????????
??? (b)? (2:16)??? 2????? 
?????Arimoto-Blahut ??????????????????????????
?????
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2.3 ????????
F(qX; qX)??????????? qX??????? 1??
C(W) =
X
x;y
qX(x)W(yjx) log
W(yjx)
qY(y)
(2.18)
Arimoto-Blahut????????????????????????
?? 2 t = 0; 1; 2; :::???????????
C(W)   F(q[t]X ; q[t+1]X )
= C(W)   logKt
=
X
x;y
qX(x)W(yjx) log
W(yjx)
qY(y)
 
X
x
qX(x)
X
y
W(yjx) log W(yjx)
q[t]Y (y)

+
X
x
qX(x) log
q[t+1]X (x)
q[t]X (x)
=  D(qY jjq[t]Y ) + D(qX jjq[t]X )   D(qX jjq[t+1]X )
?? 2????????????????
?? 1 Arimoto-Blahut????????????? fq[t]X g+?t=0 ? t? +???? qX???
???
(??) ?? 2???t = 0; 1; 2; :::????????????
C(W)   F(q[t]X ; q[t+1]X )  D(qX jjq[t]X )   D(qX jjq[t+1]X ) (2.19)
????t = C(W)   F(q[t]X ; q[t+1]X )?????
t  D(qX jjq[t]X )   D(qX jjq[t+1]X ) (2.20)
t = 0; 1; 2; ::::T ??????????
TX
t=0
t  D(qX jjq[0]X )   D(qX jjq[T+1]X ) (2.21)
?? 1?? ftgTt=0??????????? (2.21)???
TT 
TX
t=0
t  D(qX jjq[0]X )
????
0  T  1T D(q

X jjq[0]X )? 0(T ? +?)
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?? 1??????. 
?????Arimoto-Blahut??????????????????????2????
????????????????.???????????????????????
?????????????????
? 3?
??????????????
3.1 ????????
????X;Y;Z?????????????????????? X 2 X,?????
????? Y 2 Y,Z 2 Z??????X;Y;Z????????? x; y; z???????
? 3.1: ???????
????????????????
W = fW(y; zjx)g(x;y;z)2XYZ
????????????????
W(y; zjx) = fW1(yjx)W2(zjy)g(x;y;z)2XYZ (3.1)
???????????????
?? (3.1)?????????????????? (Degraded Broadcast Channels(DBC))
?????????????????? DBC???????????????????
X?Y?Z??????? X? Y? Z????????????
11
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? 3.2: ??????????
DBC?????CDBC(W1;W2)????DBC????????????????U?
????????U?????(U?X?Y?Z)??????
pUXYZ(u; x; y; z) = fpUXYZ(u; x; y; z)g(u;x;y;z)2UXYZ (3.2)
?????????????? (3.2)???? (U?X?Y?Z)???????U? X?Y?Z
???????????????? X 2 X?Y 2 Y?Z 2 Z? (3.2)??????????
????? Ip(X;Y jU)?Ip(Z;U)?????????
Ip(X; Y jU) =
X
u;x;y
pUXY(u; x; y) log
W1(yjx)
pY jU(yju)
Ip(Z;U) =
X
u;z
pUZ(u; z) log
pZjU(zju)
pZ(z)
(U?X?Y?Z)????? p = pUXYZ???P(W1;W2)?????????
P(W1;W2) ,

p = pUXYZ : p(u; x; y; z) = p(u; x)W1(yjx)W2(zjy); jUj  minfjXj; jYj; jZjg

???? CDBC(W1;W2)??????????[7]
CDBC(W1;W2) =

(R1;R2) : R1  Ip(X; Y jU);R2  Ip(Z;U);9p 2 P(W1;W2)

????????CDBC(W1;W2)??????????????????????????
CDBC(W1;W2)??????????????????????????????????
3.2 ??????????
????????????????????????
C()(W1;W2) , max
p2P(W1;W2)

Ip(X; Y jU) + Ip(Z;U)

(3.3)
??????????????
? 3? ?????????????? 13
?? 3
CDBC(W1;W2) =
\
0

(R1;R2) : R1 + R2  C()(W1;W2)

?? 3??????CDBC(W1;W2)? ??????????????????????
???????????????C()(W1;W2)????????????????????
????CDBC(W1;W2)???????????C()(W1;W2)?????????????
??????R1 +R2 = C()(W1;W2)???CDBC(W1;W2)??????????????
CDBC(W1;W2)????????? 3.3?????????????R1+R2 = Ip(X;Y jU)+
Ip(Z;U)? CDBC(W1;W2)??? (Ip(X; Y jZ); Ip(Z;U))?p 2 P(W1;W2)????????
??? (1; )????????????????????????R1+R2 = C()(W1;W2)
?,??????? (1; )????????CDBC(W1;W2)??????????????
???? R1???????????????????C()(W1;W2)?????????
? 3.3: CDBC(W1;W2)???????
?????????????? [4]-[6]????????????????? [1]?Blahut
[2]???????? DBC???????????????????????????
????????????? CDBC(W1;W2)????????????????????
???????? [4]-[6]?????CDBC(W1;W2)?????????????????
?????????????DBC??????????????????
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? 3.4: ?????????
3.3 DBC???????????
?????DBC??????????????????????
Calvo et. Al ’2008[5]???
Calvo[5]?? (3.3)??????C()(W1;W2),??
C()(W1;W2) = max
p2P(W1;W2)

Ip(X;Y jU) + Ip(Z;U)

???????????DBC??????????????????????????
???????????.???
Ip(X; Y jU) + Ip(Z;U) = Hp(Y jU)   Hp(Y jX) + fH(Z)   H(ZjU)g
= Hp(Y jU)   Hp(Y jX) + H(Z)   H(ZjU) (3.4)
?????????(3.4)? Hp(Y jU)??
Hp(Y jU) =  
X
u;x;y
pUX(u; x)W1(yjx) log
X
x
pXjU(xju)W1(yjx)

????Hp(Y jU)??? pUX?????????????? H(Z);H(ZjU)??? pUX?
??????????
H(Z) =  
X
u;x;y;z
pUX(u; x)W1(yjx)W2(zjy) log
X
u;x;y
pUX(u; x)W1(yjx)W2(zjy)

H(ZjU) =  
X
u;x;y;z
pUX(u; x)W1(yjx)W2(zjy) log
X
x;y
pXjU(xju)W1(yjx)W2(zjy)

???Hp(Y jX)??
Hp(Y jX) =  
X
u;x;y
pUX(u; x)W1(yjx) logW1(yjx)
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?? pUX???????????????????? (3.4)?????????????
??Hp(Y jU) Hp(Y jX)+ H(Z)????? H(ZjU)????????????????
?????
Yasui and Matsushima ’2010[6]???:
Yasui and Matsushima [6]?C()(W1;W2)?????????????????????
???????????????????????Arimoto-Blahut???????DBC
?????????????.??????????????????????????
???????????????????????????? 4??? Arimoto-Blahut
???????DBC??????????????????????????????
???????????????????????????????????????
????????????????Yasui and Matsushima [6]??C()(W1;W2)?????
???????????????????????????????????????
???Arimoto-Blahut??????????????????????????
?????????CDBC(W1;W2)???????????????????????
?????????????????????????
? 4?
????????
????DBC????????????????????????????????
????????????2?????????Arimoto-Blahut???????????
???????????????????????????????????????
4.1 Arimoto-Blahut?????????
Arimoto-Blahut??????????????DBC???????????
?????C()(W1;W2)?
C()(W1;W2) = max
p:p=(pUX;W1 ;W2 )

Ip(X; Y jU) + Ip(U; Z)

= max
pUX

IpUX (X;Y jU) + IpUX (U; Z)

??? p = (pUX;W1;W2)?????W1?W2?????????????????
Ip(X; Y jU) = IpUX (X; Y jU)
?????C()(W1;W2)?????????????????
F(pUX; qUX) , IqUX (X; Y jU) + D(qY jU jjpY jU jpU)   D(qXjU jjpXjU)
+IqUX (U; Z) + D(qZ jjpZ)   D(qZjU jjpZjU jpU)   D(qU jjpU) (4.1)
??????????????
?? 3 ???? qUX????F(pUX; qUX)? pUX = qUX??????
F(qUX; qUX) = IqUX (X;Y jU) + IqUX (U; Z)
????
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(??) ?????????????????
D(qY jU jjpY jU)  D(qXjU jjpXjU) (4.2)
D(qZjU jjpZjU)  D(qZjXU jjpZjXU) (4.3)
?????????????????? B????? A??????(4.2),(4.3)???
(4.1)?
F(pUX; qUX) = IqUX (X; Y jU) + D(qY jU jjpY jU jpU)   D(qXjU jjpXjU)
+IqUX (U; Z) + D(qZ jjpZ)   D(qZjU jjpZjU jpU)   D(qU jjpU)
 IqUX (X; Y jU) + IqUX (U;Z)
????????? pUX = qUX???????? 
??????? pUX????F(pUX; qUX)???????????????????
?? 4 ???? pUX????F(pUX; qUX)??qUX(u; x)?
qUX(u; x) =
1
K
Y
y
 W1(yjx)
pY jU(yju)
W1(yjx)

Y
z
 pZjU(zju)
pZ(z)
(W1W2)(zjx)
 pUX(u; x) (4.4)
??????? logK??????? K???????????????????
K =
X
u;x
exp
X
y
W1(yjx) log W1(yjx)pY jU(yju) +
X
z
(W1W2)(zjx) log pZjU(zju)pZ(z)

pUX(u; x) (4.5)
(??) F(pUX; qUX)????????????????
F(pUX; qUX) =
X
u;x
qUX(u; x)
X
y
W1(yjx) log W1(yjx)pY jU(yju)
+
X
z
(W1W2)(zjx) log pZjU(zju)pZ(z)

+
X
u;x
qUX(u; x) log
pUX(u; x)
qUX(u; x)
(4.6)
??????
ApUX (u; x) =
X
y
W1(yjx) log W1(yjx)pY jU(yju) (4.7)
BpUX (u; x) =
X
z
(W1W2)(zjx) log pZjU(zju)pZ(z) (4.8)
?????????????????????????
F(pUX; qUX) =
X
u;x
qUX(u; x)

ApUX (u; x) + BpUX (u; x)

+
X
u;x
qUX(u; x) log
pUX(u; x)
qUX(u; x)
=  
X
u;x
qU(u)qXjU(xju) log qUX(u; x)
exp

ApUX (u; x) + BpUX (u; x)

pUX(u; x)
(4.9)
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????????????????? 1K ?????
F(pUX; qUX)
=  
X
u;x
qU(u)qXjU(xju) log qUX(u; x)
1
K exp

ApUX (u; x) + BpUX (u; x)

pUX(u; x)
+ logK
 logK (4.10)
????
qUX(u; x) =
1
K
exp

ApUX (u; x) + BpUX (u; x)

pUX(u; x) (4.11)
????????? 
???????C()(W1;W2)????????????????t = 0; 1; 2; :::????
U X??????
q[t] = fq[t](u; x)g(u;x)2UX (4.12)
?????????
??????????
1. q[0]?U X???????????
2. t = 0; 1; 2; :::?????????????????
q[t+1](u; x) =
1
Kt
exp

Aq[t](u; x) + Bq[t](u; x)

q[t](u; x) (4.13)
??? Kt???????????????????
Kt =
X
u;x
exp

Aq[t](u; x) + Bq[t](u; x)

q[t](u; x) (4.14)
????????????????????????????
?? 4 t = 0; 1; 2; :::???????????????
F(q[0]; q[0])
(a) F(q[0]; q[1]) (b) F(q[1]; q[1])  :::::
(a) F(q[t 1]; q[t])
(b) F(q[t]; q[t]) (4.15)
(a) F(q[t]; q[t+1]) (4.16)
(b) F(q[t+1]; q[t+1])  ::::::
 C()(W1;W2)
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?????? (4:15); (4:16)?????????????????????
F(q[t]; q[t]) = Iq[t](X;Y jU) + Iq[t](U;Z) (4.17)
F(q[t]; q[t+1]) = logKt
= Aq[t](u; x) + Bq[t](u; x) + log
q[t]
q[t+1]
(4.18)
(??) ?? 6???????????? (a)?? (4:18)??? 4??????????
? (b)?? (4:17)??? 3????? 
??????Arimoto-Blahut?????????????????????????
??????.
4.2 ????????
F(pUX; qUX)??????????? q(u; x)??????? 3??
C()(W1;W2) = max
pUX

IpUX (X;Y jU) + IpUX (U; Z)

= F(q; q)
= Iq(X; Y jU) + Iq(U;Z) (4.19)
?????????????????
?? 5 t = 0; 1; 2; :::????????????
C()(W1;W2)   F(q[t]; q[t+1])
= F(q; q)   F(q[t]; q[t+1])
=
X
u;x
q(u; x)

Aq(u; x)   Aq[t](u; x) + 

Bq(u; x)   Bq[t](u; x)

+
X
u;x
q(u; x) log
q[t+1](u; x)
q[t](u; x)
=  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z ) + D(qZjU jjq[t]ZjU)
+D(qjjq[t])   D(qjjq[t+1]) (4.20)
????? t = 0; 1; 2; :::????
 D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z ) + D(qZjU jjq[t]ZjU)  0 (4.21)
? 4? ???????? 20
???????????Arimoto-Blahut?????????????????????
???????
D(qZjU jjq[t]ZjU)   D(qZ jjq[t]Z )  0 (4.22)
????????????????????????????Arimoto-Blahut???
?????????DBC????????????????????????????
???????????????????????????????????????
??????
4.3 ???????????????
??????????????????????????????CDBC(W1;W2)??
??????????????????
!(?)q (u; x; y; z) , log
W1(yjx)
qY jU(yju) +  log
qZjU(zju)
qZ(z)
+  log
W2(zjy)W1(yjx)
qZY jXU(z; yjx; u) (4.23)
F(;)(p; q) , (1 + )
X
u;x;y;z
q(u; x; y; z)
 1
1 + 
!(;)p (u; x; y; z) + log
p(u; x; y; z)
q(u; x; y; z)

(4.24)
?? F(;)(p; q)??(; )?????????????? p; q????????????
???????? (; )??????
0    1 +  (4.25)
???????????????????????????
?? 5 ?? (4:25)??????????? q????F(;)(p?q)??p = q??????
F(;)(q; q) =
X
u;x;y;z
q(u; x; y; z)

!(;)q (u; x; y; z)

= Iq(X; Y jU) + Iq(Z;U)   D(qZY jXU jjW1;W2jqXU)   D(qY jXU jjW1jqXU)(4.26)
????
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(??) F(;)(p?q)? 11+ ????????????????????????
1
1 + 
F(;)(p; q)
=
X
u;x;y;z
q(u; x; y; z)
 1
1 + 
!(;)p (u; x; y; z) + log
p(u; x; y; z)
q(u; x; y; z)

=
X
u;x;y;z
q(u; x; y; z)
 1
1 + 
!(;)q (u; x; y; z)
+
1
1 + 
"
!(;)p (u; x; y; z)   !(;)q (u; x; y; z)
#
+ log
p(u; x; y; z)
q(u; x; y; z)

=
X
u;x;y;z
q(u; x; y; z)
 1
1 + 
!(;)q (u; x; y; z)
+
1
1 + 

log
W1(yjx)
pY jU(yju) +  log
pZjU(zju)
pZ(z)
+  log
W2(zjy)W1(yjx)
pZY jXU(z; yjx; u)
  log W1(yjx)
qY jU(yju)    log
qZjU(zju)
qZ(z)
   log W2(zjy)W1(yjx)
qZY jXU(z; yjx; u)

+ log
p(u; x; y; z)
q(u; x; y; z)

=
X
u;x;y;z
q(u; x; y; z)
 1
1 + 
!(;)q (u; x; y; z) +

1 + 
log
q(y; zjx; u)
p(y; zjx; u)
+
1
1 + 
log
q(yju)
p(yju) +

1 + 
log
q(z)
p(z)
+

1 + 
log
p(zju)
q(zju) + log
p(u; x; y; z)
q(u; x; y; z)

=
X
u;x;y;z
q(u; x; y; z)
 1
1 + 
!(;)q (u; x; y; z)

+ J1 (4.27)
??? J1??????????
J1 =
X
u;x;y;z
q(u; x; y; z)


1 + 
log
p(xju)
q(xju) +
1
1 + 
log
p(x; zju; y)
q(x; zju; y) +

1 + 
log
p(ujz)
q(ujz)
+
1
1 + 
[1 +    ] log p(u)
q(u)

? J1??????????
0    1 +  (4.28)
???? J1  0????????? (4:28)??????? 11+F(;)(p; q)??p = q??
???????? 
?? 5?? (4:26)?? D(qZY jXU jjW1;W2jqXU) D(qY jXU jjW1jqXU)??????????
????????????????
C(;)(W1;W2) , max
(p;q)
F(;)(p; q) (4.29)
??????????????
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?? 6
C(;)(W1;W2) = max
q
F(;)(q; q)
= max
q

Iq(X; Y jU) + Iq(Z;U)
 D(qZY jXU jjW1;W2jqXU)   D(qY jXU jjW1jqXU)

(4.30)
C(;)(W1;W2)? > 0???????????????  > 0???
C()(W1;W2)  C(;)(W1;W2) (4.31)
????????
lim
?+1
C(;)(W1;W2) = C()(W1;W2) (4.32)
(??) ??? (4:30)?????? 1??????? q????F(;)(p; q)? p = q?
??????
F(;)(q; q)
=
X
u;x;y;z
q(u; x; y; z)f!(;)q (u; x; y; z)g
= Iq(X; Y jU) + Iq(Z;U) + 
X
u;x;y;z
q(u; x; y; z) log
W2(zjy)W1(yjx)
qZY jXU(z; yjx; u)
= Iq(X;Y jU) + Iq(Z;U)   D(qZY jXU jjW1;W2jqXU)   D(qY jXU jjW1jqXU)
???.???? (4:30)????????? (4:31); (4:32)????
q = q = fq(u; x; y; z)g(u;x;y;z)2UXYZ (4.33)
?C(;)(W1;W2)???????????
C(;)(W1;W2) = F(;)(q; q

)
= Iq(X; Y jU) + Iq(Z;U)
 D(qZY jXU;jjW1;W2jqXU;)   D(qY jXU;jjW1jqXU;) (4.34)
??????????qZY jXU;?qY jXU;??? q

XU;??? q

 = q

UXYZ;????????
???????
(;) , Iq(X;Y jU) + Iq(Z;U)  C(;)(W1;W2)
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?????? (4:34)??
0  D(qZY jXU;jjW1;W2jqXU;) =
(;)   D(qY jXU;jjW1jqXU;)

 
(;)

(4.35)
?????(;)  0?????????????
C(;)(W1;W2)  Iq(X; Y jU) + Iq(Z;U) (4.36)
?? qˆ = qˆUXYZ;?
qˆUXYZ;(u; x; y; z) = qXU;W1(yjx)W2(zjy)
????? qˆ 2 P(W1;W2)????????????
D(qjjqˆ) = D(qUXYZ;jjqˆUXYZ;)
= D(qZY jXU;jjW1;W2) =
(;)

? +1???? D(qjjqˆ)? 0?????????
Iq(X; Y jZ)??? Iq(Z;U)??? q?????????
Iq(X; Y jU) + Iq(Z;U)  Iqˆ(X; Y jU) + Iqˆ(Z;U) + () (4.37)
????????? ()? lim
?+1
() = 0?????????????????????
??????
C(;)(W1;W2)
(a) Iq(X; Y jU) + Iq(Z;U)
(b) Iqˆ(X;Y jU) + Iqˆ(Z;U) + ()
(c)C()(W1;W2) + () (4.38)
??????? (a)? (4:36)??????????? (b)? (4:37)???????????
? (c)?qˆ 2 P(W1;W2)?C()(W1;W2)???????????C()(W1;W2)??????
?? q˜????,q˜? 2 P(W1;W2)??????????? (u; x; y; z) 2 (U  X  Y Z)
???
q˜Y jXU;(yjx; u) = W1(yjx);
q˜ZY jXU;(z; yjx; u) = W2(zjy)W1(yjx)
?????????
D(q˜ZY jXU;jjW1;W2jq˜XU;) = D(q˜Y jXU;jjW1jq˜XU;) = 0
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????
C()(W1;W2) = Iq˜(X;Y jU) + Iq˜(Z;U)
= Iq˜(X;Y jU) + Iq˜(Z;U)
 D(q˜ZY jXU;jjW1;W2jq˜XU;)   D(q˜Y jXU;jjW1jq˜XU;)
 C(;)(W1;W2) (4.39)
??????? (4:38); (4:39)????????
0  C(;)(W1;W2)  C()(W1;W2)  ()
??? ? +1????? (4:32)???? 
?? 6???C()(W1;W2)???????????? ???? F(;)(q; q)?????
?????????????
C()(W1;W2)?????? 
 ?????????????
 F(;)(p; q)??????????? p; q???????. 
????????????????????? p???? F(;)(p?q)?????????
??????????
?? 7 ???? p????F(;)(p?q)??
q(u; x; y; z) =
1
K
exp
 1
1 + 
!(;)p (u; x; y; z)

p(u; x; y; z)
?????? (1 + ) logK??????? K???????????????????
K =
X
(u;x;y;z)
exp
 1
1 + 
!(;)p (u; x; y; z)

p(u; x; y; z)
(??) 11+F
(;)(p; q)????????????????
1
1 + 
F(;)(p; q) =
X
u;x;y;z
q(u; x; y; z) log
expf 11+!(;)p (u; x; y; z)gp(u; x; y; z)
q(u; x; y; z)
(4.40)
? (4:40)???????????????????
K =
X
(u;x;y;z)
exp
 1
1 + 
!(;)p (u; x; y; z)

p(u; x; y; z)
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??????? 1K ?????????????????
1
1 + 
F(;)(p; q)
=
X
u;x;y;z
q(u; x; y; z) log
1
K expf 11+!(;)p (u; x; y; z)gp(u; x; y; z)
q(u; x; y; z)
+ logK (4.41)
? (4:41)??????????X
u;x;y;z
q(u; x; y; z) log
1
K expf 11+!(;)p (u; x; y; z)gp(u; x; y; z)
q(u; x; y; z)
 0
??????????? (4:41)????????
F(;)(p; q)  (1 + ) logK (4.42)
? (4:42)???????
q(u; x; y; z) =
1
K
exp
 1
1 + 
!(;)p (u; x; y; z)

p(u; x; y; z) (4.43)
???????? 
?? 5   7????,????? ???? C(;)(W1;W2)????????????
???
t = 0; 1; 2; ::::???U X Y Z??????
q[t] = fq[t](u; x; y; z)g(u;x;y;z)2UXYZ
?????????
??????????
1. q[0]?U X Y Z???????????
2. t = 0; 1; 2; :::?????????????????
q[t+1](u; x; y; z) =
1
Kt
exp
 1
1 + 
!
(;)
q[t]
(u; x; y; z)

q[t](u; x; y; z) (4.44)
??? Kt ???????????????????
Kt =
X
(u;x;y;z)
exp
 1
1 + 
!
(;)
q[t]
(u; x; y; z)

q[t](u; x; y; z)
????????????????????????????
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?? 6 t = 0; 1; 2:::???????????????
F(;)(q[0]; q[0])
(a) F(;)(q[0]; q[1]) (b) F(;)(q[1]; q[1])  :::::
(a) F(;)(q[t 1]; q[t])
(b) F(;)(q[t]; q[t]) (4.45)
(a) F(;)(q[t]; q[t+1]) (4.46)
(b) F(;)(q[t+1]; q[t+1])  ::::::
 C(;)
?????? (4:45)??? (4:46)?????????????????????
F(;)(q[t]; q[t]) =
X
u;x;y;z
q[t](u; x; y; z)f!(;)
q[t]
(u; x; y; z)g
= Iq[t](X;Y jU) + Iq[t](Z;U)
 D(q[t]ZY jXU jjW1;W2jq[t]XU)   D(q[t]Y jXU jjW1jq[t]XU) (4.47)
F(;)(q[t]; q[t+1]) = (1 + ) logKt
= (1 + ) log
X
(u;x;y;z)
exp
 1
1 + 
!
(;)
q[t]
(u; x; y; z)

q[t](u; x; y; z) (4.48)
(??) ?? 6???????????? (a)?? (4:48)??? 7??????????
? (b)?? (4:47)??? 5????? 
????????????????????????????? ????????
????????????????????????????????????????
4.4 ????????????
Yasui and Matsushima[6]???:
C()(W1;W2) , max
p2P(W1;W2)
fIp(X + Y jU) + Ip(Z + U)g (4.49)
 ???maxp2P(W1;W2)??????????????????Arimoto-Blahut???
?????????
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Arimoto-Blahut?????????:
C()(W1;W2) = max
p:p=(pUX;W1 ;W2 )

Ip(X; Y jU) + Ip(U; Z)

= max
pUX

IpUX (X;Y jU) + IpUX (U; Z)

 Arimoto-Blahut??????????????????????????????
???
  > 0???????????????
???????????????:
C(;) = max
q

Iq(X; Y jU) + Iq(Z;U)
 D(qZY jXU jjW1;W2jqXU)   D(qY jXU jjW1jqXU)

(4.50)
 ??????????????????????max
q
?????????????
??????????
 Arimoto-Blahut??????????????????????????????
C(;)(W1;W2) > C()(W1;W2)??????????????????????????
CDBC(W1;W2)?????????????????????????????????
???????????????????????????????????????
???????????????????????????????
? 5?
????????????
???????????????? CDBC(W1;W2)????????????????
??????
5.1 ?????????
F(;)(q; q)??????????? q(u; x; y; z)??????? 6??????????
C(;)(W1;W2) = max
q
F(;)(q; q)
= F(;)(q; q)
=
X
u;x;y;z
q(u; x; y; z)f!(;)q (u; x; y; z)g (5.1)
???????????????????????????
?? 7 t = 0; 1; 2; ::::????????????
C(;)(W1;W2)   F(;)(q[t]; q[t+1])
= F(;)(q; q)   F(;)(q[t]; q[t+1])
=
X
u;x;y;z
q(u; x; y; z)!(;)q (u; x; y; z)   (1 + ) logKt
= (1 + )

D(qjjq[t])   D(qjjq[t+1])

  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z )
 D(qZY jXU jjq[t]ZY jXU jqXU)   D(qY jXU jjq[t]Y jXU jqXU) + D(qZjU jjq[t]ZjU jqU) (5.2)
(??) ???????????? (4:44)?????? (u; x; y; z)?????????
???
F(;)(q[t]; q[t+1]) = (1 + ) logKt
= !
(;)
q[t]
(u; x; y; z)   (1 + ) log q
[t+1](u; x; y; z)
q[t](u; x; y; z)
(5.3)
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? (5:3)???? q(u; x; y; z)???? (u; x; y; z)??????????????????
F(
1
1+ ;;)(q[t]; q[t+1])
=
X
u;x;y;z
q(u; x; y; z)(1 + ) logKt
=
X
u;x;y;z
q(u; x; y; z)

!
(;)
q[t]
(u; x; y; z)   (1 + ) log q
[t+1](u; x; y; z)
q[t](u; x; y; z)

(5.4)
? (5:1)?(5:4)???C(;)(W1;W2)   F(;)(q[t]; q[t+1])?????????????
C(;)(W1;W2)   F(;)(q[t]; q[t+1])
=
X
u;x;y;z
q(u; x; y; z)!(;)q (u; x; y; z)
 
X
u;x;y;z
q(u; x; y; z)

!
(;)
q[t]
(u; x; y; z)   (1 + ) log q
[t+1](u; x; y; z)
q[t](u; x; y; z)

= (1 + )
X
u;x;y;z
q(u; x; y; z) log
q[t+1](u; x; y; z)
q[t](u; x; y; z)
+
X
u;x;y;z
q(u; x; y; z)

!
(;)
q (u; x; y; z)   !(;)q[t] (u; x; y; z)

= J2 + J3 (5.5)
????
J2 = (1 + )
X
u;x;y;z
q(u; x; y; z) log
q[t+1](u; x; y; z)
q[t](u; x; y; z)
J3 =
X
u;x;y;z
q(u; x; y; z)

!
(;)
q (u; x; y; z)   !(;)q[t] (u; x; y; z)

???????? J2?????
J2 = (1 + )
X
u;x;y;z
q(u; x; y; z) log
q[t+1](u; x; y; z)
q[t](u; x; y; z)
 log q
(u; x; y; z)
q(u; x; y; z)
= (1 + )
X
u;x;y;z
q(u; x; y; z)

log
q(u; x; y; z)
q[t](u; x; y; z)
  log q
[t+1](u; x; y; z)
q(u; x; y; z)

= (1 + )

D(qjjq[t])   D(qjjq[t+1])

(5.6)
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???????? J3?????????????
J3 =
X
u;x;y;z
q(u; x; y; z)

log
W1(yjx)
qY jU(yju)
+  log
qZjU(zju)
qZ(z)
+  log
W2(zjy)W1(yjx)
qZY jXU(z; yjx; u)
  log W1(yjx)
qY jU(yju)
   log q

ZjU(zju)
qZ(z)
   log W2(zjy)W1(yjx)
qZY jXU(z; yjx; u)

=
X
u;x;y;z
q(u; x; y; z)

log
q[t]Y jU(yju)
qY jU(yju)
+  log
q[t]Z (z)
qZ(z)
+  log
qZjU(zju)
q[t]ZjU(zju)
+  log
q[t]ZY jXU(z; yjx; u)
qZY jXU(z; yjx; u)

=  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z )
 D(qZY jXU jjq[t]ZY jXU jqXU)   D(qY jXU jjq[t]Y jXU jqXU) + D(qZjU jjq[t]ZjU jqU) (5.7)
? (5:5)   (5:7)???????????
C(;)(W1;W2)   F(;)(q[t]; q[t+1])
=
X
u;x;y;z
q(u; x; y; z)

!
(;)
q (u; x; y; z)   !(;)q[t] (u; x; y; z)

+(1 + )
X
u;x;y;z
q(u; x; y; z) log
q[t+1](u; x; y; z)
q[t](u; x; y; z)
= (1 + )

D(qjjq[t])   D(qjjq[t+1])

  D(qY jU jjq[t]Y jU jqU)
 D(qZ jjq[t]Z )   D(qZY jXU jjq[t]ZY jXU jqXU)   D(qY jXU jjq[t]Y jXU jqXU) + D(qZjU jjq[t]ZjU jqU)
????? 7??????? 
???? 7???????????????????????
5.2 ??????????
??????????????????????????????????????
???????????????
?? 8 ? (5:2)?????? t = 0; 1; 2; :::???
  D(qY jU jjq[t]Y jU jqU)   D(qZ jjq[t]Z )
  D(qZY jXU jjq[t]ZY jXU jqXU)   D(qY jXU jjq[t]Y jXU jqXU) + D(qZjU jjq[t]ZjU jqU)  0 (5.8)
????????????????????????????????????? fq[t]g1t=1
?C(;)(W1;W2)???????????????
? 5? ???????????? 31
(??) (5:8)?????????????????
0  C(;)(W1;W2)   F(;)(q[t]; q[t+1])  (1 + )

D(qjjq[t])   D(qjjq[t+1])

(5.9)
??????(5:9)??????? t = 1?? T ???????
TX
t=1

C(;)(W1;W2)   F(;)(q[t]; q[t+1])

= (1 + )[D(qjjq[1])   D(qjjq[T+1])] (5.10)
????????
t = C(;)(W1;W2)   F(;)(q[t]; q[t+1])
?????? 2???ftg1t=1??????????? (5:10)??
TT 
TX
t=1
t  (1 + )[D(qjjq[1])   D(qjjq[T+1])]
 (1 + )D(qjjq[1])
????
0  T  1 + T D(q
jjq[1])? 0 (T ? +1)
???????????????????????????????????????
?? 8??????? 
???? 8?? (5.8)?????????????????????????????
?????????
  = 0??????????????????????????????????
??????????
  > 0??????????????????????????????????
??????????????????????
???????????????????????????????????????
?????????????????????????????
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6.1 ????DBC????
??????????????????????????? 2??????????
? 6.1: ????DBC
?????????????????????????????
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I(X;Y jU) = H(Y jU)   H(Y jX;U)
= H(  1)   H(1)?   1 = (1) + (1   )1
I(U;Z) = H(Z)   H(ZjU)
= 1   H(  p)?   p = (1   p) + (1   )p? p = 12 + 12
6.2 ?????
??????????????????????????????C(;)(W1;W2)??
?????????????????U X Y Z?????? fq[t] g+?t=0 ??????
??? ???????????
???????? 
 = 106; 0    1 + 
k = k; k = 0; 1; 2; :::d1+ e;  = 10 4 
???????????????? ? 10 4??????????? ??????
????????????????????????????????
????????? 
??? (u; x; y; z)????
jq[t]k (u; x; y; z)   q[t 1]k (u; x; y; z)j  ;  = 10 4
??????? t(??? tk???)????????? 
???????????? ???????????????????????????
?????????
??????? 
1.U X Y Z???? q[0]0 ?????????
2. k = 0; 1; 2; :::???; q[0]k = q
[tk 1]
k 1 ?????? 
?????? k 1????????? k?????????????????????
??
????????????????????
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6.3 ?????
6.3.1 2????
????????????????????R1???????R2?????????
????????????????
????????? 
W1(yjx) =
2666664 910 1101
10
9
10
3777775 ; W2(zjy) = 2666664 910 1101
10
9
10
3777775
 
0
0.2
0.4
0.6
0.8
1
0 0.2 0.4 0.6 0.8 1
R
2
[b
it
]
R1[bit]
DBC ex
DBC th
? 6.2: ????????????
???????????????????????????????????????
????????W2(zjy)????????W1(yjx)??????????????????
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??????????????????
????????? 
W1(yjx) =
2666664 99100 11001
100
99
100
3777775 ; W2(zjy) = 2666664 910 1101
10
9
10
3777775
 
0
0.2
0.4
0.6
0.8
1
0 0.2 0.4 0.6 0.8 1
R
2
[b
it
]
R1[bit]
DBC ex
DBC th
? 6.3: ????????????
??????????????????????????????????????
???????????W2(zjy)????????W1(yjx)??????????????
????
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??????????????????
????????? 
W1(yjx) =
2666664 9991000 110001
1000
999
1000
3777775 ; W2(zjy) = 2666664 910 1101
10
9
10
3777775
 
0
0.2
0.4
0.6
0.8
1
0 0.2 0.4 0.6 0.8 1
R
2
[b
it
]
R1[bit]
DBC ex
DBC th
? 6.4: ????????????
??????????????????????????????????? 10 4?
???????????????????????????????????????
???????DBC??????????????????????????????
???????????????????????????????????????
????????????????????????????????????X;Y;Z
?????????????????????????????????
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6.3.2 3????
??????????????????
????????? 
W1(yjx) =
2666666666664
98
100
1
100
1
100
1
100
98
100
1
100
1
100
98
100
1
100
3777777777775 ; W2(zjy) =
2666666666664
6
10
2
10
2
10
2
10
6
10
2
10
2
10
2
10
6
10
3777777777775
 
0
0.05
0.1
0.15
0.2
0.25
0 0.2 0.4 0.6 0.8 1 1.2 1.4
R
2
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it
]
R1[bit]
DBC
? 6.5: 3????????
3??????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????
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????????? 
W1(yjx) =
2666666666664
98
100
1
100
1
100
1
100
98
100
1
100
1
100
98
100
1
100
3777777777775 ; W2(zjy) =
2666666666664
6
10
2
10
2
10
2
10
6
10
2
10
2
10
2
10
6
10
3777777777775
 
0
0.05
0.1
0.15
0.2
0.25
0 0.2 0.4 0.6 0.8 1 1.2 1.4
R
2
[b
it
]
R1[bit]
DBC1
DBC2
DBC3
DBC4
? 6.6: 3????????
??????????????? 3??????????????????????
???????????????????????????????????????
???????????????????????????????????????
????
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DBC1?????
q(u; x) =
2666666666664
q(0; 0) = 0:115822 q(0; 1) = 0:115890 q(0; 2) = 0:106603
q(1; 0) = 0:093810 q(1; 1) = 0:132307 q(1; 2) = 0:106580
q(2; 0) = 0:096411 q(2; 1) = 0:111829 q(2; 2) = 0:120747
3777777777775
DBC2?????
q(u; x) =
2666666666664
q(0; 0) = 0:128118 q(0; 1) = 0:088595 q(0; 2) = 0:145526
q(1; 0) = 0:080623 q(1; 1) = 0:123015 q(1; 2) = 0:073763
q(2; 0) = 0:113375 q(2; 1) = 0:124842 q(2; 2) = 0:122141
3777777777775
DBC3?????
q(u; x) =
2666666666664
q(0; 0) = 0:114849 q(0; 1) = 0:123280 q(0; 2) = 0:100182
q(1; 0) = 0:103137 q(1; 1) = 0:129223 q(1; 2) = 0:099822
q(2; 0) = 0:153802 q(2; 1) = 0:079472 q(2; 2) = 0:096231
3777777777775
DBC4?????
q(u; x) =
2666666666664
q(0; 0) = 0:118767 q(0; 1) = 0:101191 q(0; 2) = 0:094143
q(1; 0) = 0:096188 q(1; 1) = 0:121033 q(1; 2) = 0:128425
q(2; 0) = 0:124526 q(2; 1) = 0:106493 q(2; 2) = 0:109237
3777777777775
6.4 ????????
2???DBC????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????? X;Y;Z??????????????????
??3?????????????????2???????????????????
???????????????????????????????????????
????????????3???????????????????????????
???????????????????????????????????????
??????????????????
? 7?
????
??????????????????????????????????????
???????????????????????????????????????
???????????? ??????????????????????????
???????????????????????????????????????
????????????????????? 2??? DBC????????????
???????????????????????????????????????
???????????????????????????????????????
??????X;Y;Z??????????????????????????????
??????????????????????????? 3???????????
???????????????????????????????????????
???????????????????????????????????????
???????????????????????????????????????
????????????????????
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??
??A ????????D(PjjQ)??(P;Q)??????????????D(PjjQ)? P?
?????????????[8]
(??) 0    1? X??? 2???????? (P1;Q1)? (P2;Q2)?????P =
P1 + (1   )P2;Q = Q1 + (1   )Q2??????
D(P1jjQ1) + (1   )D(P2jjQ2)  D(PjjQ) (A.1)
????????????????????
P1(x) log
P1(x)
Q1(x)
+ (1   )P2(x) log (1   )P2(x)(1   )Q2(x)  P(x) log
P(x)
Q(x)
(A.2)
?????????????????? x????????????? (A.1)??????
P???????????????? H(P)????????????? 
?????????????????D(pXjZ jjpY jZ jpZ)  D(pX jjpY)?????????
??????
?? B ???? P;Q??? 2?????? X1; X2???????W????????
???????????? Y1;Y2?????????????????????????
??????????????????
D(PW jjQW)  D(PjjQ) (A.3)
??????[8]
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(??) ???????????
D(PjjQ) =
X
x
P(x) log
P(x)
Q(x)
=
X
x;y
P(x)W(yjx) log P(x)W(yjx)
Q(x)W(yjx)

X
y
PW(y) log
PW(y)
QW(y)
= D(PW jjQW) (A.4)
?????? 
